In vitro drug susceptibility testing of Plasmodium falciparum must be conducted immediately after collecting a sample of the patient's blood; otherwise the parasites may weaken and the culture fail. Collecting blood samples from individuals in areas far from the field station or clinic where in vitro testing is conducted requires a reliable method of sample preservation during transportation. We examined and compared three different methods used to preserve blood samples in endemic areas in the Philippines. The three methods are as follows: the on-site method (test is conducted soon after blood sampling), flask culture method (sample is taken to the laboratory in a culture flask with medium) and EDTA tube method (sample is taken to the laboratory in a blood collection tube). The WHO in vitro micro-test for susceptibility of P. falciparum to chloroquine was performed using an AnaeroPack " system and a portable thermostat incubator. Evaluation of the three methods was based on schizont maturation, ease of handling, and risk of contamination during the test. The on-site and flask culture methods, but not the EDTA tube method, were effective for keeping the parasites viable. Furthermore, schizont maturation appeared better with the flask method than with the on-site method, especially in the control wells (drug-free wells). In addition, it was easier to perform the flask method than the on-site method. No contamination was observed using any of the methods. The results of the study suggest that the flask culture method is the most effective and useful way to preserve blood samples for the in vitro test and, moreover, that it aids in providing detailed field evidence of drug-resistant malaria.
INTRODUCTION
Emergence of drug-resistant malaria has become a major obstacle for the prevention and treatment of malaria in endemic areas [1, 2] . To control malaria, it is important to evaluate the antimalarial drug susceptibility and to accurately document the extent and distribution of the resistant malaria.
In vivo drug susceptibility tests are frequently conducted in endemic areas, but test results may be affected by non-parasitologic factors such as host immunity, pharmacokinetics, and patient compliance. In addition, new infections might occur during the test period and affect the results. In vitro drug susceptibility tests can provide a real picture of the inherent susceptibility of the parasites to antimalarial drugs, but it is often difficult to conduct such tests in the field because precise experimental conditions are required. In a previous study, we showed that the AnaeroPack " (Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan) malaria continuous culture system used with a portable thermostat incubator is applicable to field laboratories [3] [4] [5] [6] . With this system, in vitro drug susceptibility testing can be conducted as long as electricity is available for the incubator. However, in vitro drug susceptibility testing must be performed soon after blood is collected from the falciparum malaria patients; otherwise, the parasites may weaken and the culture fail. Therefore, blood samples from patients in endemic areas far from the laboratory cannot be examined.
Malaria is frequently endemic in remote areas where no laboratory or electricity is available. In the present study, we evaluated three different methods used to preserve (or transport) blood samples for in vitro drug susceptibility testing, collected from falciparum malaria patients who live in endemic areas far from a health clinic or laboratory.
MATERIALS AND METHODS

Study area
The study was conducted in 2006 in three areas of Palawan province (Brooke's Point, Bataraza, and Tay Tay, Palawan Island) and in one area of Kalinga province (Pinukpuk, northern part of Luzon Island), the Philippines (Table 1) . Malaria is endemic in these provinces perennially. Chloroquine (CQ) is used as a first line antimalarial drug of choice for the treatment of uncomplicated malaria in the Philippines, although CQ-resistant malaria has been reported in the country [3, 7] .
WHO in vitro micro-test (Mark III)
The WHO in vitro micro-test was performed according to the instructions provided by the WHO [8] . In brief, blood samples collected from falciparum malaria patients were diluted 1:10 in RPMI 1640 medium (pH 7.4) (Gibco BRL, NY, USA), supplemented with 25 mM HEPES, 24 mM sodium bicarbonate, and 25 µg/ml gentamicin. Fifty microliters of the diluted blood sample was placed in each well of the CQ plate. To monitor parasite growth, blood samples were placed in eight wells of an additional plate (96-well flat-bottom plate, Corning Costar, NY, USA) that was not coated with any antimalarial drug. The WHO plate and the control plate were each placed in a sealed jar (AnaeroPack ! Kakugata jar, SUGIYAMA-GEN CO., LTD., Tokyo, Japan) [7] . e Schizont formation at 160 nM (well E) or more was regarded as an indication of resistance to CQ [7] . f Time lag in hours (h) and minutes (min) between blood collection and initiation of incubation is shown. g Incubation time in hours (h) and minutes (min) to produce 10% or more schizont is shown. The number of schizonts differed significantly between the flask culture method and the EDTA method in wells A and B, and between the on-site method and the EDTA method in well B (P < 0.05).
with the AnaeroPack ! CO (Mitsubishi Gas Co., Tokyo, Japan), which is a foil-packed paper sachet that, on exposure to air, immediately absorbs atmospheric O and simultaneously generates CO until a gas condition of 15% O and 5% CO is attained. The jar was placed in a portable thermostat incubator (Igloo Products Corp., TX, USA), for 24 h at 37 or until schizonts were fully grown in the control wells [9] . Parasite growth in control wells was checked every 12 h by examining Giemsa-stained thin smears. When schizont maturation in the control wells reached 10% or more (i.e., 10 schizonts per 100 asexual parasites), the culture was stopped. Thin smears were made from all wells of the CQ plate and stained with Giemsa for examination. The number of schizonts per 100 asexual parasites was counted under a microscope. Complete schizont inhibition at 80 nM (well D) or less was regarded as a satisfactory response to CQ, while schizont formation at 160 nM (well E) or more was regarded as an indication of resistance to CQ [8] .
Subjects
Blood samples were collected from 10 falciparum malaria patients after a medical staff member obtained informed consent in the local language from each patient or their guardians. The study was performed according to the ethical guidelines for epidemiological studies provided by the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of Health, Labour and Welfare of Japan. Favorable technical and ethical reviews of this study were issued by the University of the Philippines Manila.
The samples from one site were taken on the same day. After drawing blood into a vacuum collection tube with anticoagulant (EDTA) (VENOJECT ! II, TERUMO CORP., Tokyo, Japan), we conducted the in vitro CQ susceptibility test using three different blood preservation (or transport) methods: the on-site method, flask culture method, and EDTA tube method. The time lag between blood collection in the field and initiation of the incubation of the plate in the laboratory was recorded. Incubation time was also recorded.
On-site method
The WHO in vitro micro-test was conducted immediately after blood samples were obtained from the patients. The test plate was placed in a sealed jar with the AnaeroPack ! CO , and the jar was kept at 25 -33 (room temperature in the field) until being returned to the laboratory. In the laboratory, the jar was placed in a portable thermostat incubator and kept at 37 .
Flask culture method
Immediately after blood samples were obtained from the patients, 500 µL of sample blood was mixed with 4.5 mL of RPMI 1640 medium (1:10 dilution) in a 24-cm tissue culture flask with a vent cap (Iwaki Co., Tokyo, Japan). This flask was placed in a sealed jar with the AnaeroPack ! CO . The jar was kept at 25 -33 (room temperature in the field) until being returned to the laboratory. The WHO in vitro micro-test was conducted as soon as the jar was returned to the laboratory.
EDTA tube method
Blood samples were preserved in a vacuum blood collection tube with EDTA and kept at 25 -33 (room temperature in the field) until the tube was returned to the laboratory. The blood sample was subjected to the WHO in vitro micro-test as soon as it reached the laboratory.
Evaluation of the blood preservation methods
Performance of the three different blood preservation (or transport) methods was evaluated based on schizont maturation, ease of handling, and the risk of contamination in the process of parasite culture. The Wilcoxon SignedRank test was used for statistical analysis to evaluate the difference of schizont maturation by SAS for Windows version 9.1.3 (SAS Institute Inc., Cary, USA). A p-value < 0.05 was considered statistically significant.
RESULTS AND DISCUSSION
Time lag and incubation time
In the three different methods, the time lag between blood collection and incubation of the plate in the laboratory varied for each isolate (1h30min to 5h50min) but did not seem to affect the parasite growth (Table 1) . Incubation time also varied for each isolate (22h to 43h30min). WHO recommends an incubation of 24h to 30h time for the WHO in vitro micro-test, depending on the parasite growth [8] . In six of the ten isolates in the present study, however, it was over 30h. Careful monitoring of schizont maturation is considered more important than fixing incubation time between 24h and 30h.
Comparison of the three different methods
Parasite growth was poorer with the EDTA method than with the other two methods (on-site method and flask culture method), especially for isolate Nos. 1 and 5, in which smears showed no schizonts with the EDTA method (Table 1) . Moreover, with the EDTA method, the number of schizonts of some isolates (Nos. 2, 4 and 6) was lower than that of the others, even though schizonts were observed.
The number of schizonts differed significantly between the EDTA method and the flask culture method in wells A and B (p < 0.05), and between the EDTA method and the onsite method in well B (p < 0.05). Both the on-site and flask culture methods proved effective for the WHO in vitro micro-test in the field. Schizont maturation appeared better with the flask method than with the on-site method, because the number of schizonts was higher with the flask method in some isolates (Nos. 1, 2, 4, 5, 7 and 10) in wells A (Table  1) , even though the difference in the number of schizonts between the flask culture method and the on-site method was not statistically significant. This may be due to the small number of samples but the advantages of the flask culture method become apparent.
Although schizont maturation is the most critical factor for this test, ease of handling and risk of contamination are also very important criteria. Many steps of the test must be done outside of the laboratory, and the samples must be transported safely from the field to the laboratory where the test plates are incubated. The flask culture method was easy to perform in the field in comparison with the on-site method, especially when many samples were obtained at the same time. Using the flask culture method, the examiner simply adds the blood sample to a flask containing the RPMI 1640 medium, while using the on-site method, the examiner has to mix the blood sample with the medium and place the sample on the each well of the test plate. In addition, the sample-containing flask was easy to carry from the field to the laboratory where the test was conducted, while the sample-filled plate required careful handling.
Although contamination due to bacteria or yeast was not observed in the present study using any of the three methods, the risk of contamination seemed to be higher with the on-site method than with the flask culture method. This is because, with the on-site method, the cellophane covering the test plate must be opened without any means of protection against contamination when the blood samples are applied. Among of the three methods tested so far for 10 isolates, therefore, the flask culture method appears to be the best. This method has the potential to enhance the feasibility of the WHO in vitro micro-test and to provide detailed field evidence of drug-resistant malaria.
CQ susceptibility
The results of the three different methods for the WHO in vitro micro-test for susceptibility to CQ are shown in Table 1. Among the ten isolates examined in the study, four (Nos. 6, 7, 9 and 10) were resistant to CQ. All five isolates (Nos. 1, 2, 3, 4 and 5) from the southern part of Palawan province (Brooke's Point and Bataraza) were susceptible to CQ, whereas three (Nos. 6, 7 and 9) of four isolates from the northern part of Palawan province (Tay Tay) were resistant to CQ. The remaining isolate (No. 8) showed reduced susceptibility to CQ. One isolate from Kalinga province was resistant to CQ. The samples obtained in this field study were cryo-preserved in a liquid nitrogen tank, then reexamined in our laboratory. Five of the ten samples were successfully tested (data not shown), and the susceptibilities were similar to those obtained by the three preservation (or transport) methods.
The differences in resistance might be due to differences in CQ pressure in these endemic areas. In the southern part of Palawan province, we collected blood samples from indigenous people who live in villages far from the clinics or stores where antimalarial drugs are available. In the northern part of Palawan province and in Pinukpuk, Kalinga province, the patients live in villages that are relatively close to the clinic or stores in the center of the area. These findings suggest that CQ should be used carefully and that its in vivo effectiveness needs to be monitored.
